ABSTRACT. -A model for grouse and ptarmigan relating the digestibility of their winter foods to their body weights and gut lengths is presented. The observed digestibility of a food depends partly on the "digestive abilities" of the birds eating it, partly on the food' s intrinsic digestibility, and partly on daily intakes. Digestive abilities of the birds vary as much intraspecifically as interspecifically.
METHODS
This paper collates already-published and new information. The data have been collected by different observers at different times and places, using slightly different methods. Body weight in published papers refers sometimes to fresh birds, and sometimes to birds frozen and later thawed. In all samples, except those of Blue Grouse (Dendragapus obscurus), weights are without crop contents, but some include the crop membrane and some do not. Fortunately this structure weighs very little. New data presented here are of entire fresh carcasses, with food emptied from the crops, but with gizzards and guts full of digesta.
Gut length was measured after cutting the mesenteries and laying the organ out straight on a flat surface. Lengths can vary by a few centimeters depending on how much the gut is stretched when it is laid out. Usually the weight of the gut itself is allowed to exert tension just sufficient to straighten it. One caecum (the left, according to Arnthor Gardarsson, pers. comm.) is usually slightly shorter than the other. They are usually measured separately, and data from the two are added together here. In one sample (Blue Grouse) the length of only one caecum was measured and I have doubled this.
Gizzards were weighed without gastroliths and digesta, usually including the stomach lining but sometimes not. Based on known weights of gizzards with and without lining (from Blue Grouse and Capercaillie [Tetrao urogallus]), I multiplied published data on gizzards without a lining by 1.14. Gut lengths and gizzard weights can vary seasonally within a population: sometimes large (e.g., Pendergast and Boag 1973), sometimes small (e.g., Moss 1972) . I have confined this paper to autumn and winter data because they are the most plentiful, in order to standardize comparisons between populations, and because winter diets are simpler, thereby facilitating inferences about food and gut size.
Sexes and age-classes within a population of grouse often differ in body weight and gut size. In species with big sexual differences in size, data from the two sexes are presented separately, but where such differences are small (under 20%) the data are sometimes combined to increase sample size.
Digestibilities quoted here have been determined from birds both in captivity and in the wild. Captive Red Grouse (Lagopus lagopus scoticus) and Capercaillie were hatched and reared as described by Moss (1969) . Red Grouse were kept in wire-floored cages and fed pelleted diets (Moss and Hanssen 1980) with a supplement of heather (Calluna vulgaris).
Capercaillie were fed the same pelleted food as Red Grouse but were given conifer branches as well as heather and kept in a roofed pen with a sand floor. The pen measured 8 ft X 40 ft and was divided into four 8-ft X lo-ft sections interconnected by popholes.
A problem when determining the digestibility of foods eaten by free-living wild birds is to estimate the quantity of caecal droppings produced. Moss (1973) (Moss and Parkinson 1975) . Andreev (1979) used quite different assumptions, which gave erratic estimates of digestibility. To make all the data in this paper comparable, I have recalculated digestibilities from Andreev (1979), assuming that in his birds the caecal droppings also comprised 15% of the total.
RESULTS
For ease of presentation, mathematical details and tests of the model are given after the Discussion. Three concepts from the model are necessary for understanding the Results. In general, the digestibility of a food depends on both the food and the animal digesting it. Hence, the term "digestive abilities" is a property of the bird and defined by equation (12) below; for a given set of birds, it is the digestibility, predicted from the birds' mean body weight and gut length, of the average winter food at average intakes. "Relative gut length" is the ratio of the observed gut length to that expected from body weight. "Intrinsic digest- ibility," a property of the food, is not defined explicitly in the model but is related to k,, the rate of absorption of the food across the gut surface at average rates of food intake.
GUT SIZE AND BODY WEIGHT
The weight of full guts (Table 1 ) and empty gizzards (Table 2 ) both increased roughly in proportion to body weight (IV). As expected, since guts are roughly tubular, their total length varied approximately as the cube root of W (Table 2 ). In the model, the empirical relations in these tables are used to predict gut lengths expected from observed body weights. The small intestines and caeca made up different proportions of the total gut in the different species (Table 3) . This complication is ignored in the model, which assumes all sections of the gut to be equivalent, partly for simplicity and partly because not enough data on digestibility are available to do otherwise. The ratio of the combined caeca to small intestine, however, showed no trend with W. Hence variations in this ratio do not bias parameters estimated in the model.
SEX, AGE, AND GUT SIZE
Different sexes and ages within the same populations had different digestive abilities, due TABLE 2. Organ sizes of tetraonids in relation to body weight (IV). Equations were calculated from one sample, marked fin Table 3 , from each of the nine species studied. Samples were chosen at random within species, but excluding cock Capercaillie, which might have biased the regressions because they were so big. c Diets of two sets of birds (IX., from Table 3 and Andrew 1979) simdar. Table 3 ).
Dependent variable

* Diets of two sets of birds different (see
More than food is involved, however: successive generations of captive Red Grouse, eating the same food but successively further removed from their wild origins, each had smaller guts than the generation before it (Moss 1972). Furthermore, lengths of the caeca had decreased relatively more than lengths ofthe small intestine. Hence adaptations to big changes in diet may take generations and differ between parts of the gut.
SEX, AGE, AND GUT SIZE
Different ages and sexes of some species had different gut lengths, suggesting that such birds may eat foods of differing quality. Perhaps the most dominant birds (old cocks) gain access to the best (most digestible) food and the least dominant (young hens) to the poorest. Pulliainen (1976) suggested that differences in gut length per unit body weight among sexes and age-classes in Willow Ptarmigan may result simply from differences in energy requirements stemming from differences in surface area and body weight. However, the measures of relative gut length, given in Table 3 and calculated from his data, make due allowance for observed average variations in gut length with body weight and still show slight differences among sexes and age-classes. Hence, differences in body size may not be sufficient to explain these differences in gut length in Willow Ptarmigan and they are certainly not an adequate explanation in Black Grouse.
DIET, PREFERENCES, DIGESTIVE ABILITIES, AND CHEMICAL COMPOSITION
Gut length and digestive ability are aspects of the complex of adaptations between a population, its preferred foods and its competitors. Within the preferred habitat, a bird' s choice of food is restricted by the need to avoid predators, the need to avoid competition from other individuals and species (Moss 1973 ) and its own morphological, physiological, and biochemical characteristics.
Within these limits, birds clearly prefer certain foods. Willow, Rock and White-tailed ptarmigan all seem to prefer willow in winter if it is available and if a larger species of ptarmigan is not present (Moss 1974).
Preference for willow is often associated with higher content of protein and phosphorus and lower content of fiber (Gardarsson and Moss 1970) but not always (Moss 1973) . As well as being more digestible (Table 4) 
ADAPTATION, DIET AND POPULATION DENSITY
The length of a tetraonid' s gut is particularly useful for describing nutritional aspects of the bird' s ecology because it is so labile, responding quickly to changes in food and environment. This study suggests that "digestibility" is as much a property of the eater as of the food eaten. Some foods are more digestible than others, but this may be apparent only when eaten by animals with comparable digestive abilities. We can now measure the "digestive abilities" of tetraonids in winter as a function of gut length and body weight (equation 12).
The advantages of long and short guts are seen in different contexts. Long guts improve the ability to survive on poor food, but require more energy and nutrients for maintenance. On the contrary, birds with short guts may be able to compete better (as long as enough good food is available; Moss 1975) and can therefore gain access to the best food.
In Equation (12) can be used to predict the digestibility of the average winter food at average intakes for wild birds; in this paper this is used as a measure of the "digestive abilities" of different populations without the complication due to different diets. The "digestive abilities" of a population are likely to be an adequate predictor of D, for a new food if k, for the new food is near the average for other foods. In fact k, varied much less for the studied foods than did k,. From data in Table 4 k, = 0.4Ok, + 0.033 (!"I = 0.79).
This low variation in k,, was because of a tendency (Y = 0.67, P < 0.05) for high FJF, to be associated with high DJD,. The likely reason is that the high intake (F,) of an intrinsically highly digestible food (high kJ tended to reduce the time spent by the food in the gut and hence k,. It may be that the gut' s optimum k, is about 0.05 g/cm2/day and that intakes of typical winter foods are adjusted to achieve this. The known values of D used to derive equation (12) ( Substituting 700 for IV, 1.21 for LJL, (Table  3) 
FURTHER TESTS OF THE
